Terrestrial laser scanner (TLS) is a non-contact sensor, optics-based instrument that collects three dimensional (3D) data of a defined region of an object surface automatically and in a systematic pattern with a high data collecting rate. This capability has made TLS widely applied for numerous 3D applications. With the ability to provide dense 3D data, TLS has improved the processing phase in constructing complete 3D model, which is much simpler and faster. Pre-processing is one of the phases involved, which consisted of registration and georeferencing procedures. Due to the many error sources occur in TLS measurement, thus, pre-processing can be considered as very crucial phase to identify any existence of errors and outliers. Any presence of errors in this phase can decrease the quality of TLS final product. With intention to discuss about this issue, this study has performed two experiments, which involved with data collection for land slide monitoring and 3D topography. By implementing both direct and indirect pre-processing method, the outcomes have indicated that TLS is suitable for applications which require centimetre level of accuracy.
1.0 INTRODUCTION
Terrestrial laser scanner (TLS) uses laser technology in order to scan any surfaces or objects. With the capability to provide dense three dimensional (3D) data in short period of time, measurement method of laser scanner can be considered as combination of photogrammetry and total station. Scanning process is similar to taking a photograph and data measured by scanner (i.e. range, horizontal and vertical angles) are similar to data provided by total station. There are three types of laser scanner available for 3D data collection and each type have been differentiated based on range measurement technique as follows:
i.
Pulse based (time of flight); ii.
Phased based; and iii. Triangulation based.
Measurement technique applied also represents the range covered by the scanner. There are three categories of range namely long range for object distance from 150m until 1000m, medium range from 1m until 150m and the most accurate of all, close range from 0.5m until 2m [1] . Each range has its own application as shown in Figure 1 .
Figure 1 Applications of terrestrial laser scanner
Most of the applications above can be performed by using traditional surveying techniques (i.e. theodolite, tacheometry, photogrammetry and GPS) but there are several advantages of TLS compared to them as stated by Rabbani [2] and Reshetyuk [3] :
i. Able to provide direct, rapid and high density 3D data compared to traditional approaches; ii.
Dramatic reduction in costs and much faster project completion; iii.
Similar to photogrammetry, TLS is a noncontact measurement method, which make it possible to survey remotely very complex, inaccessible and hazardous objects and areas, where other traditional techniques fail to do so; iv.
As an active measurement technique, TLS is almost independent of the lighting conditions and surface texture; v.
Completeness and comprehensiveness of scanning, which everything in the scene is captured in once with varied level of detail; vi.
Attachable or built-in camera, has made TLS also capable to provide coloured point clouds; and vii. Multipurpose use of data, such as extracting 2D drawing, 3D map, 3D solid model and 3D CAD model (see Figure 2 ).
The existence of TLS has considerably improved a procedure and the quality of final product in Geomatic field. Comparing with other approaches, the phase of processing involved in constructing complete 3D model is much simpler and faster. However, there is a phase that need to be performed carefully, any errors emerged in this phase can affect the quality of final product. This phase known as pre-processing, which consisted of registration and georeferencing procedures. Based on that argument, this study aim to review the quality assessment of TLS pre-processing (e.g. registration and georeferencing) results. For that purpose, Leica ScanStation C10 ( Figure 3 ) was employed during data collections for land slide monitoring and 3D topography. 
2.0 TERRESTRIAL LASER SCANNERS DATA
Compared to the traditional approaches for 3D modelling, TLS can be considered as combination of photogrammetric and reflectorless total station. Scanning process within field of view is similar to taking an image and data provided are similar to total station (points in 3D coordinate system). Even though most of the commercial softwares give 3D data in cartesian coordinates system (X, Y, Z) but based on Figure 4 , TLS actually measures using spherical coordinates system (r, φ, θ) and has intensity value as an attribute. Therefore, the raw observables in TLS are:
i. Range, r; ii.
Horizontal direction, φ; and iii.
Vertical angle, θ. For further processing, 3D data in spherical coordinate is more useful. Thus, conversion from Cartesian and spherical coordinates system can be expressed as follows:
And conversion from spherical to Cartesian coordinates system are:
The capability of laser scanner in providing high density and fast 3D data has made it applicable in various applications such as reverse engineering, construction design, historical modelling, accident investigation and structural deformation monitoring. From 3D data (point clouds) to the final 3D model, there are several processing stages that should be carried out as follows [4, 5, 6] :
Scanned data from multiple views; ii.
Registration and georeferencing; iii.
Triangulation and data sampling; iv.
Shape identification (primitive or free-form); v.
Segmentation; vi.
Surface fitting; vii.
Building 3D model; and viii.
Texturing.
However, there also have different approaches such as proposed by Rabbani [2] , which performed the modelling part at the beginning stage in order to employ a model based registration. One of the crucial part in the processing stage is known as registration. It is often occurred either by using tacheometry, photogrammetry or laser scanning measurement, single station cannot afford to provide 3D data that cover the whole object surface. Thus, multiple stations are required during scanning process, and this will result in each scanned data acquired with local coordinate systems defined by the laser scanner. For visualization and further processing, all scanned data are needed to be orientated into one common coordinate system. Generally, registration process can be divided into two main phase, which are course registration and fine registration. Course registration is applied to identify the approximated transformation parameters. In order to achieve that, corresponding points or features between overlapped scans data should be recognised. Based on the information from course registration, cost function for corresponding will be minimized using fine registration methods. The parameters that are also known as the rigid-body-transformation parameters (without scale factor) or six degrees of freedom [3] are as follows ( Figure  5 ):
Translation for the 3 coordinate axes (ΔX, ΔY, ΔZ). ii.
Rotation around the 3 coordinate axes (ω, φ, κ).
Based on Figure 5 , the determination of 6 transformation parameters from TLS 2 to TLS 1, at least, 6 coordinates, distributed over 3 points not at the same line are required. There are several approaches available to identify those points, and, consequently represented by several different registration approaches:
i. Point clouds. ii.
Artificial targets. iii.
Common geometrical objects. iv.
Surface matching. v.
Information and features from images.
Figure 5 Determination of transformation parameters
The most popular algorithm to perform registration process is known as Iterative Closest Point (ICP) by Besl and McKay [7] . This algorithm performed registration process uses all point clouds with assumption that the nearest point cloud represents overlapped or corresponding point. However, there is one fundamental limitation of the ICP that it requires a good initial registration (course registration) as a starting point to maximize the probability of converging to a correct registration [8] . In order to improve the limitation of ICP, there are several variations that have been formulated [9, 10, 11] . This limitation also has made most of the commercial softwares to provide manual registration function that enables an operator to manually mark at least three corresponding points that appeared on the 3D surfaces in triangle form [12] .
4.0 GEOREFERENCING
Based on Wolf and Dewitt [13] , georeferencing can be defined as a technique whereby the TLS coordinate system is processed, so that the final result is transformed to the ground coordinate system. This may be either national or local coordinate system. Correlation between two coordinate systems can be related by 6 transformation parameters ( Figure 6 ). According to Gordon and Lichti [14] , scale factor can be neglected because it has shown to be irrelevant in the transformation. There are two approaches available to carry out georeferencing procedure either indirect or direct method.
Figure 6
Transformation from TLS to ground coordinate system
INDIRECT GEOREFERENCING
This georeferencing approach requires minimum 3 points distributed not at the same line to determine transformation parameters by resection technique [15] . In practice, these points or targets should be increased in order to improve the global redundancy of the observations. Their targets may be determined by using total station or with GPS measurement technique. According to Reshetyuk [3] , indirect georeferencing can be performed through two approaches as follows:
i. Two-step approach; and ii.
One-step approach.
Two-step approach carries out registration and georeferencing process separately because control points used for georeferencing are positioned at different scan views (Figure 7) . In order to georeference all scanned data, two steps of procedure should be carried out. It begins with registration process to merge all point clouds from different scan views into global coordinate system. Then, second step will be followed with the georeferencing process. Mathematically, two-step indirect georeferencing can be presented as follows:
Step 1: Registration (XA into XB)
ii.
Step 2: Georeferencing (XB into XC)
Where, XA, XB, XC = Coordinates of point clouds in X, Y, Z ΔXAB, ΔXBC = Translation for X, Y, Z RAB, RBC = Rotation matrices
In contrast with previous approach, one-step approach requires at least 3 well distributed control points for each scan view (Figure 8 ). This approach also does not need any overlapping between scan views. This condition occurs because data from each scan view can be georeferenced independently using three control points (minimum) consisted in each view. Thus, registration process is not requisite since all the point clouds are already in the same coordinate system. Since, it only performs one step, thus, mathematically it can be represented by equation (3).
Figure 7
Indirect georeferencing using two-step approach Figure 8 Indirect georeferencing using one-step approach
DIRECT GEOREFERENCING
Similar to total station, when using direct georeferencing TLS should be able to be centred over a known point, levelled and oriented towards another known point [15] . All information regarding position of control point, orientation and instrument height may be entered into the scanner software before the scanning or used during data processing after the scanning [16] . In order to apply direct georeferencing, TLS should be equipped with [3] :
i. Centering device either plum bob or optical plummet; ii.
Circular bubble for rough levelling and dual-axis compensator for precise levelling; iii.
A telescope for backsighting to the target; and iv.
A mark indicated centre of TLS for height measurement.
Position of TLS can be determined either by using total station or GPS receiver. In order to make it possible for direct georeferencing, some of manufacturers have equipped their scanner with an adapter. For example, Callidus CP 3200 scanner can be attached with GPS receiver or prism on top of the scanner. Without telescope, orientation of the scanner still can be determined by scanning the target (set up at control point) with high resolution. Based on Alba and Scaioni [15] , the transformation from scanner to ground coordinate system for direct georeferencing is given by the expression:
Where, XGROUND = Position based on ground coordinate system XSCANNER = Position based on scanner coordinate system RSG(κ) = Rotation matrix around Z axis OGROUND = Scanner position based on ground coordinate system Consider the TLS is levelled, thus, the angles ω and φ are practically equal to zero. According to Reshetyuk [3] , there are several conditions that can affect the accuracy of direct georeferencing such as follows:
i. Scanner positioning, centring, levelling, backsighting and height determination. ii.
Preparation of control points.
Using direct georeferencing approach, scanning method can be carried out such as traversing similar to the total station measurement. This situation has made this approach applicable without requiring any corresponding points and overlapping surfaces.
5.0 EXPERIMENTS
Since there are two approaches available to carry out registration and georeferencing procedure, either via direct or indirect method, thus, two different experiments was designed to employ both method. In this study, Leica ScanStation C10 scanner was used for both experiments. First experiment focuses on data collection for land slide monitoring at Gunung Pass, Cameron Highland, Pahang ( Figure 9 ).
Figure 9
Land slide monitoring at Cameron Highland.
Due to the difficulty to select the suitable scan stations, this experiment has employed indirect georeferencing method. Three well distributed control points (e.g. CP01, CP02 and CP03) as depicted in Figure 10 were used for registration and georeferencing purposes. In this case, global positioning system (GPS) method (i.e. Topcon Hiper Ga) was applied to establish the ground coordinates for those three control points.
Figure 10
Three control points used for indirect registration and georeferencing procedures.
Second experiment was carried out by adapting the direct georeferencing method for 3D topography measurement. The site was located at academic area of Universiti Teknologi Malaysia, Johor ( Figure 11 ). The ability of Leica ScanStation C10 scanner to perform traversing measuring technique has made registration and georeferencing are possible to be implemented in one single procedure. For this experiment, the ground coordinates for 10 stations in traverse (as illustrated in Figure 12 ) were established using total station (i.e. Topcon GTS250). With the aid of Leica Cyclone V7.3.3 software, pre-processing was executed for both experiments. Using three control points which are available for registration and georeferencing procedure, data for land slide monitoring was processed through resection method. Report yielded from the Figure 12 Implementation of traversing procedure for 3D topography measurement.
processing will indicated the quality of the registration and georeferencing solution through the errors produced. Errors in pre-processing represent the misclosure between corresponding points from different scan positions ( Figure 13 ). For instance, misclosure of corresponding points from scan A and scan B should be null, however due to the less quality of scanned data and centroid determination of control points, thus, the error emerged. For direct method, evaluation of the quality of pre-processing is rather common. Since, the second experiment adapted the traverse measurement, thus, linear misclosure can be used to assess the results yielded from 10 control points. In contrast with previous experiment which obtained the misclosure for each control points, traverse only calculate the misclosure for final control point.
6.0 RESULTS AND ANALYSES
With the completion of pre-processing phase, all scanned data (for both experiments) are merged into one global coordinate system. Figure 10 has illustrated the outcome of first experiment, data for land slide monitoring. While the result for 3D topography (second experiment) was exemplified in Figure  14 .
Regarding the quality of pre-processing (for both direct and indirect method) procedure, Figure 15 has depicted the report produced by Leica Cyclone V7.3.3 software for the first experiment.
Figure 15
Pre-processing report for first experiment.
According to the results obtained as presented in Figure 15 , the maximum error is 4.2cm, which is caused by registration procedure for scan station 001 and 002. As expected, this centimeter level of errors occurred due to the high incidence angles between scan station and control points. As shown in Figure 10 , the positions of scan stations have high differences in elevation with the control points. However, for the land slide monitoring purposes, this centimeter level quality can be considered as within threshold. Furthermore, by taking into account all errors, the standard deviation yielded is 2.9cm.
For the second experiment, the ability of Leica Cyclone V7.3.3 software was exploited to process the traverse as well as pre-processing for scanner data. With the total traverse length of 651.170m from 10 scan stations, the misclosure calculated is 10cm. In ratio form is 1:65117, which, if referring to the cadastral specification, this result can be considered as first class measurement.
7.0 SUMMARY
With rapid and dense 3D data provide by TLS, it has become an option for numerous applications especially for 3D modelling purposes. There are several steps require to produce the 3D model from scanned data. To ensure the quality of the model produced, the pre-processing step should be carefully performed. Any errors occurred in this step can decrease the quality of the end product. There are two procedure consist in pre-processing, registration and georeferencing. In order to produce a complete 3D model using TLS, then the scanning process has to be carried out from more than one station. This situation will require registration procedure to merge scanned data from different scan station. In Geomatic field, the final product should be used ground coordinates system or in other word, georeferenced model. As discussed earlier, georeferencing can be performed either using indirect or direct method. Indirect georeferencing requires the use of targets with known ground coordinate system. Whether using one or two step approaches, targets are used to calculate the coordinate transformation parameters from local to ground coordinate system. In contrast, direct georeferencing does not require any targets because all scanned data are already in ground coordinate system. However, the scanner must be setup at the known station with proper back sighting for orientation purpose.
Two experiments were carried out to review the quality assessment for TLS pre-processing. Due to site difficulty, first experiment applied indirect method for land slide monitoring.
Two sations were used to scan the land slide area and three control points were established for registration and georeferencing purposes. With the centimeter level of accuracy, the outcome of the pre-processing has indicated that TLS is capable to be implementing for land slide monitoring. The later experiment which focuses on 3D topography was adapted the direct pre-processing method. Using traversing measument technique, the result of registration and georeferencing for second experiment has yielded first class level of measurement.
Based on this study, conclusion can be made that preprocessing is a very crucial phase in TLS processing. Any existence of errors and outliers can be identified during registration and georeferencing procedure. The lack of accuracy during preparing control points for registration or georeferencing purposes can cause the presence of errors, which subsequently can reduce the quality of TLS final product (e.g. 3D model).
